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3. 对三种拟菱形藻(P. subfraudulenta, P. calliantha, P. brasiliana)全细胞蛋白质进
行蛋白质组学差异分析，结果显示可以将双向凝胶电泳蛋白质图谱作为拟菱
形藻属下种类鉴定的依据之一； 
4. 蛋白质双向电泳结果发现，多列拟菱形藻 (P. multiseries)产毒株系 (toxic 
strains )与不产毒株系(non-toxic strains)全细胞蛋白质表达存在差异，共找出
16 个差异蛋白点，确定为潜在产毒标记物； 






































Pseudo-nitzshia is one of several diatoms which has the potentiality of producing 
algal toxin-domoic aicd (DA), a kind of neurotoxic, which can then result in Amnesic 
Shellfish Poisoning (ASP), while the mechanism for the toxin production is still on 
the pipeline. It witnesses a phenomenon of variances in toxinicity within Pseudo-
nitzschia: a) inter-species; b) intra-species; c) among strains from different locations.  
In this study light microscopy and electron microscopy were used to make  
observation and description of the morphological characteristics of  the four species of 
Pseudo-nitzschia. Toxin production (DA content) was measured by high performance 
liquid chromatography (HPLC). Based on the results, Pseudo-nitzschia multiseries 
was chosen as the model species for proteome profiling. Comparative study of the 
differentially protein expression between toxin strains and non-toxin strains was 
carried out, and the results revealed that 16 proteins could be considered as the 
potential toxin biomarkers after the identification by mass spectrometry (MS). In 
addition, the basic function of these proteins during the life history and bloom 
formation of Pseudo-nitzschia was investigated. The main result are as follows: 
1. Morphological observation and identification of the four different species of 
Psuedo-nitzschia from different locations, P. multiseries, P. subfraudulenta, P. 
calliantha, P. brasiliana , were performed and the results showed no obvious 
differences on morphological level amongst different ecological strains of the 
same species; 
2. Only two strain of  Pseudo-nitzschia multiseries showed toxin signal, through 
toxin producing curve, coupling with their growth curve, the analysis indicated 
that the maximum toxin production per cell occurred during the late stationary 
phase of the growth curve; 
3. The analysis the whole cell proteome of three Pseudo-nitzschia speices, indicated  
that two-dimensional electrophoresis based on proteomics could be useful tool in 
the taxonomy of Pseudo-nitzschia; 
4. The results suggested that on protein level differences between toxic and non-
toxic strains of Pseudo-nitschia multiseries, 16 proteins spots could be regarded as 
the potential toxin biomarkers; 
5. Throught MS/MS analysis 4 known proteins、3 predicted proteins with unknown 

















could be regarded as the potential toxin biomarker of Psuedo-nitzschia multiseries, 
The identified proteins are mainly involved in the processes of energy metabolism, 
photosynthesis and the enzymes associated with stressed conditions.  


















2-DE: Two-dimensional gel electrophoresis（双向电泳） 
ASP: Amnesic Shellfish Poisoning (记忆缺失性贝毒) 
CHAPS: 3-[（3-Cholamidopropyl）dimethylammonio]-1-propane sulphonate（乙醇 
胺丙基二甲氨基丙磺酸盐） 
DA: Domoic acid (软骨藻酸) 
DTT: Dithiothreitol（二硫苏糖醇） 
HCCA: α-cyano-4-hydroxy-cinnamic acid（α-氰基-4-羟基肉桂酸） 
IPG: Immobilized pH gradient（固相 pH 梯度） 
MALDI-TOF-MS: matrix-assisted laser desorption ionization-time of flight Mass 
spectrometry（基质辅助激光解析离子飞行时间质谱） 
PAGE: Polyacrylamide gel electrophoresis（聚丙烯酰胺凝胶电泳） 
SDS: Sodium dodecyl surfate（十二烷基磺酸钠） 
TEMED: N,N,N,N-Tetramethylethylenediami（四甲基乙二胺） 
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第一章 前 言 
拟菱形藻（Pseudo-nitzschia）是一种全球分布极广的羽纹纲硅藻。倍受关
注的原因在于该属硅藻的部分种类能够产生一种神经性毒素——软骨藻酸















1.1  拟菱形藻的形态学研究 
拟菱形藻（Pseudo-nitzschia）一般呈金褐色，其色素主要是墨角藻黄素，
细胞单个生活或相连成链状群体。壳面狭舟形，壳面孔纹是拟菱形藻属种类鉴
定的重要形态学依据。拟菱形藻 早由 Peragallo 于 1900 年确立。根据他的描
述拟菱形藻与菱形藻科的另一个属菱形藻（Nitzschia）的区别主要在于光镜下




在 P. multiseries 被描述后的 20 多年的时间里，很少有人关注 P. pungens 和
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出这种毒素是由 Nitzschia pungens f. multiseries 产生[6]，之后，越来越多的研究
发现这两个表现型之间存在相当大的区别：首先，P. multiseries 是有毒种类，
而 P. pungens 在自然环境中没有发现产生毒素；其次，在对二者的形态进行深
入的研究发现，它们在壳面孔纹、壳环带和壳环面等方面都有着显著不同，鉴
于以上特点，Halse 在 1995 年提出将 N. multiseries 从 N. pungens 中独立开来，
称为：Pseudo-nitzschia multiseries[7]。可以说 Pseudo-nitzschia multiseries 代表了
对整个拟菱形藻属的认识过程。而现在，在对拟菱形藻的研究中，P. multisries







培养的 P. multistriata 细胞在光镜下进行观察，其壳面观为：细胞中部线形，边
缘渐细变窄到圆滑的末端；壳环观为：壳面两端 S 形，由此群体呈现出波浪形
的外观，细胞顶轴长度 38-50 μm，切顶轴长 2.5-4 μm；在透射电镜下：该藻壳
面 10 μm 内有小肋突 23-32 个，条纹 37-44 个，每条点条纹有 2 排小孔，1 μm
内含有 11-13 个小孔。但该种缺少了通常作为 P. multistriata 鉴定标准的一些特
征，如：壳面每 10 μm 只有 5-6 个孔，而且缺乏居中的大孔隙，壳面末端在接
近顶部则有 1 或 2 排倾斜的小孔。 
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